Improving the Quality of PBL Modules in an Engineering Programme by Duffy, Gavin
Technological University Dublin 
ARROW@TU Dublin 
Teaching Fellowships Teaching Fellowships 
2011 
Improving the Quality of PBL Modules in an Engineering 
Programme 
Gavin Duffy 
Technological University Dublin, gavin.duffy@tudublin.ie 
Follow this and additional works at: https://arrow.tudublin.ie/fellow 
 Part of the Higher Education Commons 
Recommended Citation 
Duffy, Gavin, "Improving the Quality of PBL Modules in an Engineering Programme" (2011). Teaching 
Fellowships. 12. 
https://arrow.tudublin.ie/fellow/12 
This Article is brought to you for free and open access by 
the Teaching Fellowships at ARROW@TU Dublin. It has 
been accepted for inclusion in Teaching Fellowships by 
an authorized administrator of ARROW@TU Dublin. For 
more information, please contact 
yvonne.desmond@tudublin.ie, arrow.admin@tudublin.ie, 
brian.widdis@tudublin.ie. 
This work is licensed under a Creative Commons 
Attribution-Noncommercial-Share Alike 3.0 License 
!"#
!
!"#$%&'()*+,#-./#0123*-4#(5#678#9(:13/;#*+#2+#<+,*+//'*+,#6'(,'2%%/#
=2)*+#>1554?#
@A.((3#(5#<3/A-'*A23#<+,*+//'*+,#@4;-/%;#
$%&'()'*#+(,-&./011234-'.-5#
BC;-'2A-#
6&7-&558-&7#98%78(::5;#<(,5#(#;'8%&7#8590'('-%&# -&# '<5#45=-,582#%1# '5)<&-)(=#>&%?=5475#(&4#;>-==;.#
+8(40('5;# &554# 5@0(==2# <-7<# =5,5=;# %1# )%:95'5&)5# -&# 958;%&(=# (&4# 98%15;;-%&(=# ;>-==;# '%# &%'# %&=2#
-:98%,5#'<5:;5=,5;#(&4#:55'#'<5#5A-;'-&7#85@0-85:5&';#%1#5:9=%258;#(&4#98%15;;-%&(=#B%4-5;#B0'#'%#
(=;%# <5=9# '<5:#:(&(75# '<5# -&5,-'(B=5# )<(&75;# '<('# ;%)-5'2# -;# 1()-&7# -&# (&# -&)85(;-&7=2# 9%90=('54#
?%8=4.#C<5#&554#'%#:%,5#18%:#'8(4-'-%&(=#'%#;'045&'D)5&'854#=5(8&-&7#-&#'<5#)%&'5A'#%1#5&7-&558-&7#
540)('-%&#?(;#'<5#:%'-,('-%&#1%8#'<-;#98%E5)'.#C<-;#)(&#B5#1()-=-'('54#'<8%07<#'<5#0;5#%1#78%09DB(;54F#
98%B=5:D48-,5&#=5(8&-&7#(;#'<-;#%1158;#<-7<#-&'578('-%&#%1#'5)<&-)(=#(&4#&%&D'5)<&-)(=#>&%?=5475#(&4#
;>-==;#(&4#85@0-85;#:%85#5&7(75:5&'#?-'<#'<?????????????????????????????????#
C<5#G)<%%=#%1#6=5)'8-)(=#6&7-&558-&7#G2;'5:;#-&#'<5#/HC#&%?#45=-,58;#(#&0:B58#%1#5&7-&558-&7#:%40=5;#
-&# '<-;# 1%8:('# B0'# 5A958-5&)5# <(;# ;<%?&# '<('# -'# '(>5;# (# ;-7&-1-)(&'# (:%0&'# %1# '-:5# 1%8# ;'045&';# '%#
45,5=%9# 958;%&(=# ;>-==;# '%# (# <-7<# 457855.# C<5# (-:# %1# '<-;# 98%E5)'# ?(;# '%# 45,5=%9# (44-'-%&(=# 78%09#
=5(8&-&7#:%40=5;#(&4#5&<(&)5#5A-;'-&7#%&5;#'%#9(2#:%85#(''5&'-%&#'%#958;%&(=#45,5=%9:5&'.#6()<#%1#
'<5#1-8;'#'<855#25(8;#%1#'<5#I()<5=%8#%1#6=5)'8-)(=#6&7-&558-&7#98%78(::5#&%?#)%&'(-&;#(#78%09DB(;54#
:%40=5# -&# ?<-)<# =5(8&-&7# -;# 98%E5)'# %8# 98%B=5:# 48-,5&# (&4# '<5# '0'%8# 9(2;# ;-7&-1-)(&'# (''5&'-%&# '%#
-&4-,-40(=# 958;%&(=# ;>-==;.# C<5# )%&)59'# %1# 98%785;;-,5# 45,5=%9:5&'# %1# 958;%&(=# ;>-==;# ?(;# (=;%#
-&,5;'-7('54#(&4#(# 18(:5?%8># '%#45,5=%9# '<5;5# -&# (# ;'80)'0854#?(2# '<8%07<# '<5#45=-,582#%1# 78%09D
B(;54# :%40=5;# ?(;# 98%9%;54.# C<5# 45,5=%9:5&'# %1# 108'<58# 78%09# =5(8&-&7# :%40=5;# (&4# (&#
5A(:-&('-%&#%1#'<5#5115)'-,5&5;;#%1#'<-;#18(:5?%8>#?-==#1%8:#'<5#B(;-;#1%8#)%&'-&0-&7#'<-;#98%E5)'#-&'%#
'<5#10'085.#
#
D/4#E(':;F#)088-)0=0:#45;-7&F#1-8;'#25(8#)088-)0=0:F#98%B=5:DB(;54#=5(8&-&7#
#
G1-3*+/#(5#H/33(I;.*&#6'(J/A-#
$+-'(:1A-*(+#
C<-;#98%E5)'#-&,%=,54#'<5#)%D%958('-%&#%1#(#)%85#78%09#%1#1-,5#;'(11#?-'<#(#&0:B58#%1#%'<58#
=5)'0858;#-&,%=,54#'%#(#=5;;58#457855#(&4#'<5#'5()<-&7#15==%?#()'-&7#(;#85;5(8)<58F#859%8'58#
(&4#%87(&-;58.#C<5#:(-&#()'-,-'2#%1#'<5#;'(11#?(;#'%#()'#(;#(#=5(8&-&7#78%09#)%&18%&'54#?-'<#
????????????????????????????????????????????????????????????????????????????????????????????
??????????????????#C<-;#45B('5#?(;#-&1%8:54#B2#'<5#85;5(8)<#()'-,-'2#%1#'<5#'5()<-&7#15==%?F#
-&90'#18%:#(&#5A958-5&)54#98%B=5:DB(;54#=5(8&-&7#JKILM#'0'%8#-&#'<5#$%==575#%1#6&7-&558-&7#
?????????????????????????????????????????????????????????????????????????????????#N='<%07<#
?5#<(4#B55&#45=-,58-&7#78%09DB(;54#:%40=5;#-&#?<-)<#=5(8&-&7#?(;#48-,5&#B2#'<5#98%B=5:;#
%8# 98%E5)';# 1%8# (# &0:B58# %1# 25(8;#?5# <(4# B55&# 9(2-&7# =-''=5# (''5&'-%&# '%# '<5# !"#$%&&# '<5#
;'045&';#?585#1%==%?-&7#-&#'<5-8#78%09#?%8>#(&4#-&4-,-40(=#()'-,-'-5;.#C<-;#98%E5)'#85;0='54#-&#
'<5#(44-'-%&#%1#(#78%09DB(;54#:%40=5#'%#25(8#'?%#%1#'<5#I()<5=%8#%1#6=5)'8-)(=#6&7-&558-&7#
98%78(::5#?<-)<#1-==54#'<5#7(9#B5'?55&#'<5#5A-;'-&7#:%40=5;#-&#25(8;#%&5#(&4#'<855.#
N==# '<855#:%40=5;#?585# '<5&# 45=-,5854#?-'<# (# 785('58# 5:9<(;-;# %&# ?'<5# 98%)5;;?F# -.5.# '<5#
'0'%8# 9(-4#:%85# (''5&'-%&# '%# -&4-,-40(=# B5<(,-%08# -&# '<5# 78%09*#%1158-&7# -45(;F# 4-;)0;;-&7F#
)8-'-)(=# '<-&>-&7F# '(>-&7# 85;9%&;-B-=-'2# 1%8# ;5=1D4-85)'54# =5(8&-&7F# )%:9=5'-&7# '(;>;F# 859%8'-&7#
B()># (&4# :(&2# %'<58# ()'-%&;# '<('# 85;0='# -&# 5()<# :5:B58# )%&'8-B0'-&7# (;# 9%;-'-,5=2# (;#
9%;;-B=5#'%#'<5#78%09#98%E5)'.#C<5;5#;>-==;#(85#958;%&(=# -&#&('085#(&4#(85#45:%&;'8('54#'%#
,(82-&7#457855;#B2#5()<#-&4-,-40(=.#?????????????? ??????????????? ?????????????????????????
!"#
!
$%#&'($(#$)*++$#,-.#/(#(.'-.,(0#-.0#0(1(+%2(03#&'(#45%62#7%5)$#7(++#-.0#&'(#$&60(.&$#+(-5.#
&'(# 5(86*5(0# &(,'.*,-+# ).%7+(04(9# :'*$# *$# ,%.$*$&(.&# 7*&'# &'(# 1*(7# %;# <=># -$# %6&+*.(0# /?#
=%60#@ABCDE3#=-55%7$#@ABCCE#-.0#F%%0$#@ABB!E9#
G# 2-5-++(+# -,&*1*&?# &%# &'(# *H25%1(H(.&# %;# &6&%5*.4# 25-,&*,(#7-$# &%# (I-H*.(# &'(# (+(,&5*,-+#
(.4*.((5*.4#,655*,6+6H#*.#&'(#,%.&(I&#%;#0(1(+%2*.4#2(5$%.-+#$)*++$#-.0#,%H2(&(.,($9#J-.?#
%;# &'(# ,655(.&# %6&,%H($# 0(;*.(0# /?# &'(# -,,5(0*&*.4# 25%;($$*%.-+# /%0?3# K.4*.((5$# L5(+-.03#
5(+-&(#&%#&'(#0(1(+%2H(.&#%;#2(5$%.-+#-.0#25%;($$*%.-+#$)*++$#@K.4*.((5$#L5(+-.03#MNN"E9#:'*$#
*$#-.#-,&*1*&?#&'-&#,-.#-.0#$'%6+0#'-22(.#&'5%64'%6&#&'(#(.&*5(#25%45-HH(#-.0#.%&#O6$&#*.#
%.(#%5#&7%#*$%+-&(0#H%06+($#%5#&'(#;*.-+#?(-5#25%O(,&9#L.#&'(#,%.&(I&#%;#H(0*,-+#(06,-&*%.#*&#
'-$#/((.#-546(0#&'-&#&'(#$6$&-*.(0#0(+*1(5?#%;#+(-5.*.4#&'5%64'#<=>#25%1*0($#-.#%22%5&6.*&?#
&%#25%45($$*1(+?#0(1(+%2#$(+;P0*5(,&(0#+(-5.*.4#$)*++$#@J*;+*.3#Q-H2/(++3#R#<5*,(3#MNNNE9#
:'*$# *$# -,'*(1(0# /?# $&(-0*+?# 0*+6&*.4# %1(5# &*H(# &'(# '*4'# +(1(+# %;# 0*5(,&*%.# ;5%H# &'(# &6&%5#
%;;(5(0# -&# &'(# $&-5&# %;# &'(# 25%45-HH(9# S&60(.&$# $'%6+0# *HH(0*-&(+?# $&-5&# &-)*.4# 45(-&(5#
5($2%.$*/*+*&?#*.#&'(*5#+(-5.*.4#-.0#,%.&*.6(#&%#45%7#*.#&'*$#7-?#&'5%64'%6&#&'(#25%45-HH(9#
:'(# &6&%5# ;-0($# ;5%H# &'(# 45%62# %1(5# &*H(# -$# /%&'# &'(# *.0*1*06-+$# -.0# &'(# 45%62# /(,%H(#
H%5(#-6&%.%H%6$9#:'(#H%0(+#25%2%$(0#/?#<(55?#@ABBBE#,%1(5$#-#$*H*+-5#&'(H(#/6&#;5%H#-.#
*.&(++(,&6-+#2%*.&#%;#1*(7#?#$&60(.&$#$'%6+0#25%45($$#;5%H#$(()*.4#&'(#%.(#5*4'&#-.$7(5#;5%H#
&'(#&(-,'(5#@06-+*$HE#&%#5(-+*$*.4#&'(5(#-5(#H6+&*2+(#$%+6&*%.$3#%.(#%;#7'*,'#&'(?#,'%%$(#&%#
,%HH*&#&%#@5(+-&*1*$HE9#
T%7#,-.#7(#0%#&'*$#*.#(.4*.((5*.4U#G#;5-H(7%5)#&%#;-,*+*&-&(#&'(#25%45($$*1(#0(1(+%2H(.&#
%;#2(5$%.-+#$)*++$#7-$#0(1(+%2(0#065*.4#&'*$#&(-,'*.4#;(++%7$'*2#25%O(,&9#:'(#(H2'-$*$#*.#&'(#
;*5$&# &7%#?(-5$# $'%6+0#/(#%.# &'(# +(-5.*.4#25%,($$9# V5(86(.&3# ;%5H-&*1(#-$$($$H(.&#/?#-.0#
;((0/-,)#;5%H#&'(#&6&%5#$'%6+0#;%,6$#%.#*.0*1*06-+#,%.&5*/6&*%.#&%#&'(#45%62#25%,($$#065*.4#
&'*$# 2(5*%09# S&60(.&$# H6$&# /(# !"#$%!"&# &%# ,%.&5*/6&(# &%# &'(# 45%62# 0*$,6$$*%.3# 86($&*%.#
%&'(5$3# %;;(5# *0(-$3# ,%H2+(&(# &-$)$3# 5(2%5&# /-,)# -.0# 0(H%.$&5-&(# &'(# 7*0(# 5-.4(# %;#
-&&5*/6&($# &'-&#.((0# &%#/(#0(1(+%2(0# ;%5# &'(H# &%#/(# $6,,($$;6+#25%;($$*%.-+$9# :'($(# $)*++$#
$'%6+0# /(# (I2+*,*&+?# $&-&(03# %/$(51(0# -.0# -$$($$(0# @F%%0$# (&# -+93# ABBWE9# S&60(.&$# $'%6+0#
(H(54(#;5%H#&'($(#&7%#?(-5$#-$#5(+-&*1(+?#,%H2(&(.&#45%62#7%5)(5$#7*&'#-#5(-$%.-/+?#'*4'#
+(1(+# %;# $(+;P0*5(,&*%.9# :'(# 6$(# %;# 5(;+(,&*%.3# -+&'%64'# %6&$*0(# &'(# .%5H-+# +-.46-4(# %;#
(.4*.((5$3# $'%6+0#/(# 4*1(.# ,%.$*0(5-&*%.#-$# -#2%7(5;6+# &%%+# &%#'(+2# &'(# +(-5.(5# &%# 5(-+*$(#
7'(5(#0(1(+%2H(.&#*$#.((0(0#-.0#7'-&#-,&*%.$#,-.#/(#&-)(.#&%#H-)(#&'(#,'-.4(9#@Q%.$*0(5#
??????????????????????@X%+/3#ABC!E#????????????????????????????????????@S,'Y.3#ABBAE#;%5#6$(;6+#
,%.,(2&$#*.#0(1(+%2*.4#(.4*.((5$9E#
G$# &'(?# 0*$2+-?# 45%62# ,%++-/%5-&*%.# -.0# $(+;P0*5(,&*%.# &%# 45(-&(5# -.0# 45(-&(5# +(1(+$# &'(#
(H2'-$*$#%.#&'($(#$)*++$#,-.#/(#5(+-I(09#G&&(.&*%.#,-.#/(#2-*0#&%#%&'(5#25%,($$#$)*++$#$6,'#-$#
,5*&*,-+#&'*.)*.43#,5(-&*1*&?3#H-.-4(H(.&#-.0#(&'*,$9#Z5(-&(5#7(*4'&*.4$#,-.#/(#4*1(.#&%#&'(#
'!(&$)*# %;# &'(# 45%629# :'(# .6H/(5# %;# ,%.&-,&# '%65$#7*&'# &'(# &6&%5# ,-.# /(# 5(06,(09# :*H(#
*.1($&(0#*.#?(-5#%.(#,-.#/(#$-1(0#*.#?(-5#;%659#<5%O(,&$#$'%6+0#/(,%H(#25%45($$*1(+?#H%5(#
,%H2+(I9# KI2%$65(# &%# *.06$&5?# -.0[%5# ,%HH6.*&?# 25%O(,&$# $'%6+0# /(# ,%.$*0(5(0# *.# ?(-5#
&'5((#-$#-#5(-$%.-/+?#25%;($$*%.-+#-225%-,'#,-.#/(#(I2(,&(0#%;#&'(#$&60(.&$#-&#&'*$#$&-4(9#
#
!"#
!
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
Fe
ed
ba
ck
 a
nd
 A
ss
es
sm
en
t
1 2 3 4
Time (yrs)
Progressive Development of Non-Technical Skills
Product
Ethics
Info Literacy
Critical Thinking
Creativity
SDL
Group Skills
#
!"#$%&'()*+#,-./#&'"/'012$3'1/'4-&'5%12&33'./6'4-&'5%16$24'6$%"/#'.'01$%'7&.%'5%1#%.88&)'
9'3&:&24"1/'10'5%12&33'3;"::3'.%&'$3&6'41'"::$34%.4&'4-&'51"/4'<=>?'@'3&:0A6"%&24&6':&.%/"/#B)'
'
C%1D&24'EF.:$.4"1/'
$%&#'(()*)+,#+-#',#&.*/'#0/+1234'5&(#6+(17&#*+#*%&#&.)5*),0#*8+#6+(17&5#+,#*%&#9':%&7+/#+-#
;7&:*/):'7# ;,0),&&/),0# :+64),&(# 8)*%# '# 0/&'*&/# &62%'5)5# +,# *%&# 7&'/,),0# 2/+:&55# %'<&#
&,%',:&(# *%&# '6+1,*# ',(# =1'7)*># +-# 5*1(&,*3:&,*/&(# 7&'/,),0# +,# *%)5# 2/+0/'66&?# $%&#
9':%&7+/#+-# ;,0),&&/),0#$&:%,+7+0>#+--&/&(#4># *%&#@:%++7# ),# *%&# 5'6&#()5:)27),&#8'5# '75+#
&,%',:&(#),#'#5)6)7'/#8'>?#A#7'/0&#,164&/#+-#5*1(&,*5#*%&/&-+/&#&.2&/)&,:&(#'#0/&'*&/#-+:15#
+,#*%&#2&/5+,'7#5B)775#,&&(&(#*+#8+/B#),#'#0/+12#+,#',#+2&,3&,(&(#2/+C&:*?#D)0%&/#7&<&75#+-#
&,0'0&6&,*# 8)*%# *%&# 2/+0/'66&#8&/&# +45&/<&(# 4># *%&# 5*'--# 8%):%# 8'5# :+,5)5*&,*# 8)*%#
(&7)<&/),0#*%&5&#6+(17&5#),#*%&#2/&<)+15#>&'/5?#
$%&# -+/6'*)+,# +-# '# :+%&5)<&# 0/+12# +-# 5*'--# *+# 7&'/,# '4+1*# *1*+/),0# ',(# 0/+8# '5# E9F#
2/':*)*)+,&/5#8'5#'#<&/>#)62+/*',*#+1*:+6&#-/+6#*%)5#2/+C&:*?#$%)5#7')(#'#-+1,('*)+,#+-#E9F#
&.2&/)&,:&#),#*%&#@:%++7#*%'*#:',#+,???????????????????? ?????????????????????????????????????
*%&#-1*1/&?#G+/#&.'627&H#'#:+,5&=1&,:&#+-#*%&#-+/6'*)+,#+-#*%)5#0/+12#)5#'#27',#*+#/&-1/4)5%#'#
7'4+/'*+/># ),*+# '# -7&.)47&# 7&'/,),0# 52':&# 5+# *%'*# 0/+12# 8+/B# :',# 4&# 6+/&# &'5)7>#
'::+66+('*&(?# G1/*%&/# :+,5+7)('*)+,# +-# 0/+123?????? ????????? ????? ???? ?????????
2/+0/'66&5# '/&# 7)B&7># *+# :+,*),1&# 8)*%# +,&# 0+'7# 4&),0# *%&# 2/+<)5)+,# +-# '# 0/+1234'5&(#
6+(17&#),#&':%#5&6&5*&/#5+#*%'*#515*'),&(#'**&,*)+,#:',#4&#0)<&,#*+#2&/5+,'7#(&<&7+26&,*?#
$%&#-)/5*#8+/B5%+25#+,#E9F#(&7)<&/&(#4>#5*'--#-/+6#*%&#@:%++7#%'22&,&(#(1/),0#*%)5#2/+C&:*?#
$8+# 8+/B5%+25# +,# 5*1(&,*# ),(1:*)+,# ),*+# 0/+12# 7&'/,),0# 8&/&# (&7)<&/&(# '5# 8&77# '5# *8+#
8+/B5%+25#-+/#*1*+/5?#
$%&#,&&(# *+# /&:+,5)(&/# *%&# */'()*)+,'7#'22/+':%# *+#&,0),&&/),0#&(1:'*)+,# *+#6+/&#:7+5&7>#
'7)0,#+1/#7&'/,),0H#*&':%),0#',(#'55&556&,*#6&*%+(5#8)*%#+1/#2/+0/'66&#+1*:+6&5#I9)005#
J#$',0H#KLLMN#)5#()5:155&(#),#'#2'2&/#2/&5&,*&(#'*#',#O,5*)*1*&#+-#;7&:*/):'7#',(#;7&:*/+,):5#
;,0),&&/5#IO;;;N#:+,-&/&,:&#+,#$/',5-+/6),0#;,0),&&/),0#;(1:'*)+,#*%'*#8'5#%&7(#),#P147),#
),#A2/)7#KLQL?#$%&#-/'6&8+/B#+1*7),&(#'4+<&#8'5#()5:155&(#),#6+/&#(&*')7#),#*%)5#2'2&/?#$%&#
2/&2'/'*)+,#+-#0/'(1'*&5#,+*#+,7># -+/#'#6+/&#07+4'7)5&(#8+/7(#41*#'75+# -+/# '#8+/7(#*%'*# )5#
-':),0#&,<)/+,6&,*'7#1,:&/*'),*>H#',(#),#8%):%#'#6+<&#*+#515*'),'4)7)*>#)5#),&<)*'47&H#)5#'75+#
!"#
!
$%&'(')%)*+#,-#).*#/01234,%5*+#%3301%&.6#?????????????????????????????????????????????? ????
&173(*8# 9%)20*# 1$# 13*94*9+*+# 301,(*75:# ).*# %,'(')-# )1# ).'9;# &0*%)'<*(-# %9+# &0')'&%((-:# ).*#
71<*#)1=%0+5#0*(%)'<'57#%9+#).*#+*<*(137*9)#1$#%#0*$(*&)'<*#30%&)'&*#%0*#%((#315')'<*#'932)5#
)1#30*3%0'9/#%9#*9/'9**0#$10#).'5#29&*0)%'9#=10(+6#>.'5#=%5#).*#%0/27*9)#'9#%#5*&19+#3%3*0#
52,7'))*+# )1# ).*# >.'0+# ?9)*09%)'19%(# @-7315'27# 19# A9/'9**0'9/# A+2&%)'19:# ?A+2&%)'9/#
A9/'9**05# $10# %# B.%9/'9/#C10(+?:# .*(+# '9# D9'<*05')-# B1((*/*# B10;# '9# E2(-# FGHG6# >.'5# 3%3*0#
+'5&255*+# ).*# 52')%,'(')-#1$# /01234,%5*+# (*%09'9/# '9#.*(3'9/#/0%+2%)*5#,*#30*3%0*+# $10# ).*#
$2)20*#%9+#).*#3%3*0#$20).*0#*(%,10%)*+#19#).*#$0%7*=10;#$10#301/0*55'<*#+*<*(137*9)6#
!"#$%&'()%&#**%+,-'.#+/('#('0%(1#22%3%45+/'.'6'.#+(
?9&0*%5'9/#).*#I2%9)')-#%9+#$0*I2*9&-#1$#/01234,%5*+#301J*&)4+0'<*9#71+2(*5#'5#'9#('9*#=').#
).*# K?># 5)0%)*/'&# 3(%9# )1# 71<*# )1=%0+5# 5)2+*9)4&*9)0*+# (*%09'9/:# *9.%9&*# ).*# $'05)# -*%0#
*83*0'*9&*# %9+# '9&0*%5*# ).*# 25*# 1$# $107%)'<*# %55*557*9)6# L01234,%5*+# 71+2(*5# &%9# ,*#
+*('<*0*+#,%+(-#%9+#)2)105#&%9#.%<*#<*0-#+'$$*0*9)#3*0&*3)'195#1$#).*#7*).1+6#?)#'5#'7310)%9)#
).%)#=*#+'53(%-#%#.'/.#I2%(')-#%9+#301$*55'19%(#%3301%&.# '9#120#+*('<*0-#1$#).*5*#71+2(*56#
M01/0%77*#&177'))**5# 5.12(+#*83%9+#+*,%)*#,*-19+#=.%)#=*# )*%&.# )1# '9&(2+*#.1=#=*#
)*%&.# %9+# .1=#=*# +*<*(13# 120# 5)2+*9)5# '9# %# &1.*0*9)# =%-# $017# $'05)# )1# $'9%(# -*%06# >.*#
301<'5'19#1$#$(*8',(*#(*%09'9/#53%&*5#'5#%#5)019/#*9%,(*0#$10#).'5#%3301%&.6#
(
!"#7#/%,(86'6"%(9#":(
>.'5#301J*&)#='((#&19)'92*#)1#*<1(<*#'9#).*#-*%05#%.*%+6#N9#'9&0*%5*#'9#).*#25*#1$#/01234,%5*+#
(*%09'9/# '9# ).*# O%&.*(10# 1$# A9/'9**0'9/# %9+# O%&.*(10# 1$# A9/'9**0'9/# >*&.91(1/-# ='((# ,*#
+*,%)*+# '9# ).*# 301/0%77*# &177'))**5#=').# %# <'*=# )1# *7,*++'9/# 19*# 3*0# 5*7*5)*0# '9)1#
).*5*#301/0%77*56#>.*#0*$20,'5.7*9)#1$#(%,10%)10-#53%&*#='((#,*#%#301J*&)#$10#FGHGPFGHH6#
>.*#301315*+#$0%7*=10;#$10#).*#301/0*55'<*#+*<*(137*9)#1$#3*0519%(#5;'((5#='((#,*#$20).*0#
+*<*(13*+#%9+#).'5#='((#%(51#,*#*<%(2%)*+#'9#).*#&17'9/#-*%056#
#
)%;%"%+&%/(
O%001=5:#Q6@6#RH"SST#!"#$!%&'()*+$,('-#..#RU*<6#*+9T6#@30'9/$'*(+V#@12).*09#?(('91'5#D9'<*05')-#
@&.11(#1$#W*+'&'9*6#
O'//5:# E6O6:# X# >%9/:# B6@64Y6# RFGGZT# !#*-")/0$ 1'($ 2%*+)&3$ 4#*(/)/0$ *&$ 5/)6#(.)&3# R[0+# *+9T6#
W%'+*9.*%+V#\3*9#D9'<*05')-#M0*556#
O12+:# K6# RH"S]T# ,('7+#897*.#:$ 4#*(/)/0$ )/$ ;:%-*&)'/$ 1'($ &"#$ ,('1#..)'/.6# @-+9*-V# Q'/.*0#
A+2&%)'19#U*5*%0&.#%9+#K*<*(137*9)#@1&'*)-#1$#N25)0%(%5'%6#
A9/'9**05# ?0*(%9+# RFGGZT# N&&0*+')%)'19# B0')*0'%# $10# A9/'9**0'9/# A+2&%)'19# M01/0%77*56#
K2,('9:#?0*(%9+6#
Y1(,:# K6N6# RH"S!T# ;<=#()#/&)*+$ 4#*(/)/0>$ ;<=#()#/-#$ *.$ &"#$ ?'%(-#$ '1$ 4#*(/)/0$ */:$
@#6#+'=8#/&6#A9/(*=11+#B('$$5:#^19+19V#M0*9)'&*4Q%((6#
W'$('9:# O6W6:# B%73,*((:# B6O6:# X# M0'&*:# K6N6# RFGGGT# N# B19&*3)2%(# _0%7*=10;# )1# L2'+*# ).*#
K*<*(137*9)# 1$# @*($4+'0*&)*+:# ^'$*(19/# ^*%09'9/# '9# M01,(*74,%5*+# W*+'&%(# B200'&2(%6#
A#:)-*+$;:%-*&)'/:#[!R!T:#F""?[G`6#
M*00-:#C6L6# RH"""T# B'(8.$ '1$ C/&#++#-&%*+$ */:$ ;&")-*+$ @#6#+'=8#/&$ )/$ &"#$ D'++#0#$ E#*(.>$ F$
?-"#8#6#@%9#_0%9&'5&1V#E155*-4O%55#M2,('5.*056#
@&.a9:#K6N6#RH""HT#!"#$G#1+#-&)6#$,(*-&)&)'/#(>$H'I$,('1#..)'/*+.$!")/J$)/$F-&)'/6#N(+*05.1)V#
N0*9%:#N5./%)*6#
!"#
!
$%%&'(#)*+*#,-../0#!"#$%&'($)*&+,-&)"./.01,2#3,4#,5)/.,46&,7#*4,8"#',!9-*#$1234&%56(#
762*8#)*+*#$%%&'*#
$%%&'(# )*+*(# 91::(# ;*<*(# =>:3'(# ?*9*(# 94>@1A(# B*C*(# D# )E6F16935G22(# $*?*# ,-..H0# IE2%43&#
J34'E'# IE2%4:3''# K4%EL'# G6# M4%N:3@ON1'3&# <3146G6P*# :'&"/;)., <#=".)%, #8, !6)"');&=4/;)%,
>+=;)4/#.(#H",Q0(#RQ-?RQS*#
